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Abstract. After a few claims on lunes and spherical convex sets we present some relationships
between the diameter, width and thickness of reduced spherical convex bodies and bodies of
constant diameter. These relationships are formulated and proved in order to apply them for
the final theorem, which permits to recognize if a Wulff shape in the Euclidean space is self-dual.
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1 Introduction
Our subject is the spherical geometry (see the monographs [14] and [19]) and also a theorem on
recognizing if a Wulff shape in the Euclidean space is self-dual. We start with necessary notions
and proving a number of claims, theorems and propositions concerning spherical geometry which,
as also some results from [4], [8], [9] and [10], are needed for this theorem on Wulff shape.
In Ed+1, where d ≥ 2, take the unit sphere Sd centered at the origin. The intersection
of Sd with any (k + 1)-dimensional Euclidean subspace, where 0 ≤ k ≤ d − 1, is called a k-
dimensional subsphere of Sd. For k = 1 we call it a great circle, and for k = 0 a pair of antipodes.
If different points a, b ∈ Sd are not antipodes, by the arc ab connecting them we mean this part
of the great circle containing a and b which does not contain any pair of antipodes. By the
spherical distance |ab|, or shortly distance, of these points we understand the length of the arc
connecting them.
The intersection of Sd with any half-space of Ed+1 is called a hemisphere of Sd. In other
words, a hemisphere H(c) of Sd is the set of points of Sd in distances at most pi2 from a point
c called the center of this hemisphere. Two hemispheres whose centers are antipodes are called
opposite hemispheres.
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We say that a set C ⊂ Sd not containing any pair of antipodes is convex if together with
every two its points it contains the arc connecting them. If the interior int(C) of a closed convex
set C ⊂ Sd is non-empty, C is called a convex body. We call C strictly convex if in its boundary
bd(C) there is no arc. If A is a subset of a convex set of Sd, then by the convex hull of A we
mean the intersection of all convex sets containing A (so it is the smallest convex superset of A).
We call e an extreme point of a convex body C ⊂ Sd provided C \ {e} is convex.
If a hemisphere H contains a convex body C and if p ∈ bd(H)∩C, we say that H supports
C at p. We also say that H is a supporting hemisphere of C at p. If at every boundary point of
a convex body C ⊂ Sd exactly one hemisphere supports C, then C is called smooth.
If hemispheres G and H of Sd are different and not opposite, then L = G ∩H is called a
lune of Sd. This notion is considered in many books and papers. The parts of bd(G) and bd(H)
contained in G∩H are denoted by G/H and H/G, respectively. Clearly, (G/H)∪ (H/G) is the
boundary of the lune G ∩H. Points of (G/H) ∩ (H/G) are called corners of the lune G ∩H.
The set of them is denoted by corn(L). By the thickness ∆(L) of the lune L = G ∩H we mean
the spherical distance of the centers of G/H and H/G.
Section 2 gives claims on lunes and spherical convex sets. Sections 2 and 3 recall the
spherical notions of width, bodies of constant width and constant diameter, and reduced bodies.
Section 3 presents some new relationships between the thickness and the diameter of reduced
bodies. Here we also show that every reduced body of thickness at least pi2 is of constant width.
Section 4 is devoted to applications of these facts for recognizing if a Wulff shape is self-dual.
2 Four claims on lunes and spherical convex sets
The following claim is obvious.
Claim 1. Let H(c) be any hemisphere of Sd. Then any (d − 1)-dimensional subsphere of Sd
containing c dissects H(c) into two lunes of thickness pi2 .
For any convex body C ⊂ Sd and any hemisphere K supporting C we define the width of
C determined by K as the minimum thickness of a lune K ∩K ′ over all hemispheres K ′ 6= K
supportingC and we denote it by widthK(C). By the thickness∆(C) of C we mean the minimum
of widthK(C) over all hemispheres K supporting C. In the literature ∆(C) is also called the
minimum width of C. Clearly, ∆(C) is nothing else but the thickness of each “narrowest” lune
containing C. We say that C is of constant width w provided all its widths widthK(C) are equal
to w. These notions and a few properties of lunes and convex bodies on Sd are presented in
[4] and [9]. The book [11] gives a wide survey of results on bodies of constant width in various
structures. Here is an additional property needed later.
Claim 2. For every convex body C ⊂ Sd we have ∆(C) ≤ diam(C). Moreover, if ∆(C) =
diam(C) and if they are most pi2 , then C is of constant width w equal to ∆(C) = diam(C).
Application of spherical convex bodies to Wulff shape 3
Proof. We get the first assertion by the definition of ∆(C) and the inequality
max{widthK(C) : K is a supporting hemisphere of K} ≤ diam(C)
resulting from Theorem 3 and Proposition 1 of [4].
In order to show the second assertion, let us apply Theorem 3 of [4] which says that if
diam(C) is at most pi2 , then it is nothing else but the maximum of the widths of C. Moreover,
having in mind that ∆(C) is the minimum width of C, from the assumption that ∆(C) =
diam(C) = w we conclude that all widths of C are equal to w, which means that C is of
constant width w.
Claim 3. Let L ⊂ Sd be a lune. Let C ⊂ L be a convex body such that the set F = C ∩ corn(L)
is non-empty. Then at least one extreme point of C is in corn(L).
Proof. Take the smallest subsphere Sk of Sd containing F . Of course, k ≥ 1 and F is a convex
body on Sk. Thus F is the convex hull of its extreme points (see [4], p. 565).
Clearly, the convex body F of Sk has at least one extreme point e. So for every p, q ∈ F
with e ∈ pq, our point e must be an end-point of pq.
Our aim is to show that e is an extreme point of C, as well. So it is sufficient to show that
always if e ∈ ab for a, b ∈ C, then e is an end-point of ab. Thus assume that a, b ∈ C and e ∈ ab.
Case 1, when a, b ∈ F . By the second paragraph of this proof, e is an end-point of ab.
Case 2, when a ∈ F and b ∈ C \F , or vice-versa. Since C \F is a convex set, all points of
the arc ab, besides a, are in C \F and a ∈ F . Also recall that e ∈ F . Thus if e ∈ ab, then e = a.
Case 3, when a, b ∈ CsetminusF . Then since C \F is convex, we see that ab ⊂ C \F . So
our e (which belongs to F ) cannot be in ab,which means that this case is impossible.
From these cases we conclude that e is an extreme point of C.
Claim 4. Let C ⊂ Sd be a convex body with. If diam(C) = pi2 , then there are two points of C
in the distance pi2 such that at least one of them is an extreme point of C. If diam(C) <
pi
2 , then
every two points of C in the distance diam(C) are extreme.
Proof. From the compactness of C we conclude that there exists at least one pair of points of
bd(C) distant by diam(C). Take any such a pair f, g.
By Claim 3 of [4] there is a lune L = H(f) ∩H(g) containing C. Its bounding (d − 1)-
dimensional hemispheres H(f)/H(g) and H(g)/H(f) are centered at f and g, respectively.
Moreover, fg is orthogonal to H(f)/H(g) at f and to H(g)/H(f) at g. Of course, ∆(L) = |fg|.
Hence ∆(L) = diam(C).
In order to show the first assertion of our claim assume that diam(C) = pi2 . If at least one
of points f, g is an extreme points of C, there is nothing to prove. Thus further we consider only
the situation when both f and g are not extreme. Since the hemisphere H(f)/H(g) supports
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C, we see that an extreme point e of C belongs to H(f)/H(g). The point e is different from f
since f is not an extreme point of C. Consequently, by the second part of Lemma 3 of [4] we
see that |eg| = pi2 . Thus e, g is a promised pair of points.
Let us show the second assertion. Assume that diam(C) < pi2 . Then ∆(L) <
pi
2 . By the
first part of Lemma 3 of [4] we conclude that every point of H(f)/H(g) different from f is in a
distance over |fg| from g. So since C has an extreme point in H(f)/H(g), we see that f is an
extreme point of C. Analogously, g is an extreme point of C. This confirms the second assertion
of our claim.
By the way, every convex body C ⊂ S2 of diameter pi2 contains a pair of extreme points
distant by pi2 . Here is why. Take points a, b from the first assertion of Claim 4, where b extreme.
If a is not extreme, take this semicircle bounding the lune L from Claim 3 of [4], whose center
is a. There are extreme points a1, a2 of C on this semicircle with a ∈ a1a2. By the second part
of Lemma 3 of [4] we have |a1b| =
pi
2 .
3 Diameter, width and thickness of reduced spherical bodies
We say that a convex body R ⊂ Sd is reduced if ∆(Z) < ∆(R) for each convex body Z being a
proper subset of R. Some properties of spherical reduced bodies are given in [4], [8] [9] [10] and
[13]. This notion is analogous to the notion of a reduced convex body in Euclidean space and
finite-dimensional normed space; for instance see the survey articles [6] and [7]. Clearly, every
spherical body of constant width is a reduced body. A simple example of a reduced body on S2
is every regular odd-gon. For more examples see [4] and [8].
Theorem 1. For every reduced body R ⊂ Sd such that ∆(R) ≤ pi2 we have diam(R) ≤
pi
2 .
Moreover, if ∆(R) < pi2 , then diam(R) <
pi
2 .
Proof. Since R is compact, there are points p, q ∈ bd(R) such that |pq| = diam(R). Apply
Proposition 3.5 of [8] for p. Thus R ⊂ H(p). Hence |pq| ≤ pi2 . Consequently, diam(R) ≤
pi
2 .
Let us show the second part of our theorem. So now we assume that ∆(R) < pi2 and our
aim is to show that diam(R) < pi2 .
Suppose the opposite assertion that diam(R) ≥ pi2 . Then from the inequality diam(R) ≤
pi
2
showed in the proof of the first part of our theorem we obtain diam(R) = pi2 .
Apply Claim 4 for the diameter pi2 . We conclude that there are two points p, q ∈ R in the
distance pi2 such that at least one of them, say p, is an extreme point of C.
Since p is an extreme point of R, by Theorem 4 of [4] there exists a lune Lp = I ∩ J of
thickness ∆(R), containing R, where I, J are hemispheres such that p is the center of I/J . See
Figure 1 for d = 3, where the hemisphere I of S3 is seen as the three-dimensional ball as the
view on S3 ⊂ E4 “from outside” in E4.
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Fig 1. Illustration to the proof of the second statement of Theorem 1
By ∆(R) < pi2 , we have ∆(Lp) <
pi
2 . Thus every point of Lp is in a distance at most
pi
2 from
p. Hence by |pq| = pi2 , we conclude that q belongs to corn(Lp), which means that the assumption
R ∩ corn(Lp) 6= ∅ of Claim 3 holds true. So by this claim we find an extreme point e of R in
corn(Lp). Clearly, |ep| =
pi
2 .
Applying Theorem 4 of [4] we find a lune Le =M ∩N ⊃ R, where M,N are hemispheres,
such that ∆(Le) = ∆(R), with e as the center of M/N .
Since ∆(R) < pi2 , we have ∆(Le) <
pi
2 . Hence every point of Le different from its corners
is in a distance below pi2 from e. Thus p must be a corner of Le; just as a point of R in the
distance exactly pi2 from e. We see that the whole arc pe (it is a subset of R) is in M/N . So
M/N contains also the arc ea, where a denotes the antipode of p on Sd.
We see that M/N contains the great semi-circle containing p, e and a. Denote the center
of N/M by e′. By Claim 2 of [4] we have e′ ∈ R. Clearly, e′ ∈ bd(R). From this, since the
center k of I does not belong to N/M and since e′ is a point of ek different from p we conclude
that the center p′ of J/I is not in Le. Consequently, Le does not contain the whole R, which
contradicts the description of Le.
This contradiction shows that our opposite assertion |pq| ≥ pi2 from the third paragraph
of this proof is false. Hence |pq| < pi2 , which means that diam(R) <
pi
2 , which ends the proof of
the second thesis of our theorem.
The special case of the first assertion of Theorem 1 for d = 2 is stated in the observation
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just before Proposition 1 of [10]. By the way, the first assertion of Proposition 1 of [10] is a
special case for d = 2 of the first statement of our Claim 2 and the second assertion of Theorem
1. Let us add that our approach is different from proving Proposition 1 of [10] which applies
Theorem 1 of [10] proved only for d = 2.
The following theorem generalizes Theorem 4.3 of [8] from S2 up to Sd. Our proof is ana-
logous (but this time we must apply Proposition 1 of [9]). Here we provide a more detailed
consideration supplemented by a figure.
Theorem 2. If a reduced convex body R ⊂ Sd fulfills ∆(R) ≥ pi2 , then R is a body of constant
width ∆(R).
Proof. We consider two cases.
Case 1, when ∆(R) > pi2 . We apply Proposition 1 of [9] that every reduced spherical convex
body of thickness over pi2 is smooth, and next Theorem 5 of [4], that every smooth reduced body
is of constant width.
Case 2, when ∆(R) = pi2 . Then the assertion of our theorem means that widthG(R) =
pi
2
for every hemisphere G supporting R.
In order to confirm this assertion, we intend to get a contradiction under the opposite
assumption. Just assume that there iss a hemisphereK supportingR for which widthK(R) 6=
pi
2 .
By the definition of the thickness, from ∆(R) = pi2 we see that widthK(R) <
pi
2 is impos-
sible. Thus our contrary assertion is nothing else but widthK(R) >
pi
2 (under this form of the
contrary assertion, we present Fig. 2 for d = 2 showing the hemisphere K from the front by the
orthogonal outside look at S2).
Fig. 2. Illustration to the proof of Case 2 of Theorem 2
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By Part III of Theorem 1 of [4] for our K there exists at least one hemisphereK∗ described
there. Take any such K∗ and the center t of K∗/K described in this Part III (look also to
Corollary 2 there). Since K supports R, a point e of R belongs to bd(K). Thus e ∈ K/K∗. By
Proposition 3.5 of [8] the hemisphere M with center e contains R. Hence |te| ≤ pi2 .
By Claim 1 we see that bd(K) dissectsM into two lunes of thickness pi2 . Since one of them
is K ∩M , we have ∆(K ∩M) = pi2 . Since K ∩K
∗ is a narrowest lune over all lunes of the form
K ∩K ′, where the hemisphere K ′ supports R, we have ∆(K ∩K∗) ≤ ∆(K ∩M). This implies
∆(K ∩K∗) ≤ pi2 , which contradicts widthK(R) >
pi
2 . Therefore our contrary assertion assumed
in the second paragraph of Case 2 is false. Consequently, widthG(R) =
pi
2 for every hemisphere
G supporting R, which means that R is of constant width also in Case 2.
Thanks to Theorem 4 of [9], which says that every spherical body of constant width w has
diameter w, from Theorem 2 we obtain the following proposition.
Proposition 1. For every reduced body R ⊂ Sd fulfilling ∆(R) ≥ pi2 we have ∆(R) = diam(R).
Observe that this proposition is not true without the assumption that the body is reduced.
Corollary 1. If ∆(R) < diam(R) for a reduced body R ⊂ Sd, then both these numbers are below
pi
2 . Moreover, R is not a body of constant width.
Proof. The inequality ∆(R) ≥ pi2 is impossible, since then by Proposition 1 we have ∆(R) =
diam(R), which contradicts the assumption of our statement. Hence ∆(R) < pi2 . Then by the
second part of Theorem 1 we have diam(R) < pi2 . So both considered numbers are below
pi
2 .
In order to show the second assertion, assume the opposite that R is of constant width.
Then the maximum and minimum widths of R are equal. Therefore ∆(R) = diam(R). This
contradicts the assumption of our corollary. Consequently, R is not of constant width.
Theorem 3. Let R ⊂ Sd be a reduced body. Then
(a) ∆(R) = pi2 if and only if diam(R) =
pi
2 ,
(b) ∆(R) ≥ pi2 if and only if diam(R) ≥
pi
2 ,
(c) ∆(R) > pi2 if and only if diam(R) >
pi
2 ,
(d) ∆(R) ≤ pi2 if and only if diam(R) ≤
pi
2 ,
(e) ∆(R) < pi2 if and only if diam(R) <
pi
2 .
Proof. Let us show the equivalence (a). If ∆(R) = pi2 , then by Corollary 1 we have diam(R) =
pi
2 . Now assume that diam(R) =
pi
2 . Then by the first assertion of Claim 2 we get ∆(R) ≤
pi
2 . Moreover, by the contrapositive of the second assertion of Theorem 1 we get ∆(R) ≥
pi
2 .
Consequently, ∆(R) = pi2 .
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In this paragraph we are showing the equivalence (b). By Proposition 1, the inequality
∆(R) ≥ pi2 implies diam(R) = ∆(R) and thus diam(R) ≥
pi
2 . The opposite implication is the
contrapositive of the second assertion of Theorem 1.
From (a) and (b) we get (c). It implies (d). We obtain (e) as the contrapositive of (b).
After Part 4 of [9], we say that a convex body D ⊂ Sd of diameter δ is of constant diameter
δ if for any p ∈ bd(D) there exists p′ ∈ bd(D) such that |pp′| = δ (more general, this notion
makes sense for a closed set D of diameter δ in a metric space M , such that always x, z ∈ D and
y ∈M with |xy|+ |yz| = |xz| imply y ∈ D, so for instance when M is a Riemannian manifold).
We get some spherical bodies of constant diameter on S2 as a particular case of the example
given on p. 95 of [8] by taking there any non-negative κ < pi2 and σ =
pi
4 −
κ
2 . The following
example presents a wider class of spherical bodies of constant diameter pi2 .
Example. Take a triangle v1v2v3 ⊂ S
2 of diameter at most pi2 , and put κ12 = |v1v2|, κ23 =
|v2v3|, κ31 = |v3v1|, σ1 =
pi
4 −
κ12
2 +
κ23
2 −
κ31
2 , σ2 =
pi
4 −
κ12
2 −
κ23
2 +
κ31
2 , σ3 =
pi
4 +
κ12
2 −
κ23
2 −
κ31
2 .
Here we agree only for triangles with the sum of lengths of two shortest sides at most the length
of the longest side plus pi2 (equivalently: with σ1 ≥ 0, σ2 ≥ 0 and σ3 ≥ 0).
Prolong the following: v1v2 up to w12w21 with v1 ∈ w12v2, v2v3 up to w23w32 with v2 ∈
w23v3, v3v1 up to sides: w31w13 with v3 ∈ w31v1 (see Fig. 3) such that |v1w12| = |v1w13| = σ1,
|v2w21| = |v2w23| = σ2, |v3w31| = |v3w32| = σ3. Draw six pieces of circles: with center v1 of
radius σ1 from w12 to w13 and of radius
pi
2 − σ1 from w21 to w31, with center v2 of radius σ2
from w23 to w21 and of radius
pi
2 − σ2 from w32 to w12, with center v3 of radius σ3 from w31 to
v32 and of radius
pi
2 − σ3 from w13 to w23. Clearly, the convex hull of these six pieces of circles
Fig. 3. A spherical body of constant diameter
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is a body of constant diameter pi2 .
Generalizing, take a convex odd-gon v1 . . . vn ⊂ S
2 of diameter at most pi2 . For i =
1, . . . , n put κi i+(n−1)/2 = |vivi+(n−1)/2| (here and later we mean indices modulo n). Let
σi =
pi
4 + Σ
n
i=1siκi i+(n−1)/2, where si =
1
2 if |
n+1
2 − i| ≤
n−3
4 for n of the form 3 + 4k and
|n2 − i| ≤
n−1
4 for n of the form 5 + 4k (where k = 0, 1, 2, . . .), and si = −
1
2 in the opposite case.
We agree only for odd-gons with σi ≥ 0 for i = 1, . . . , n. Prolong each diagonal vivi+(n−1)/2 up
to the arc wi i+(n−1)/2wi+(n−1)/2 i such that vi ∈ wi i+(n−1)/2vi+(n−1)/2 and |viwi i+(n−1)/2| =
|viwi i+(n+1)/2| = σi. For i = 1, . . . , n we draw the piece of the circle with center vi of radius
σi from wi i+(n−1)/2 to wi i+(n+1)/2 and the piece of circle of radius
pi
2 − σi from wi+(n−1)/2 i to
wi+(n+1)/2 i. The convex hull of the union of our 2n pieces of circles is a convex body of constant
diameter pi2 .
Next proposition is applied in the proof of the forthcoming Theorem 4.
Proposition 2. The following conditions are equivalent:
(1) C ⊂ Sd is a reduced body with ∆(C) = pi2 ,
(2) C ⊂ Sd is a reduced body with diam(C) = pi2 ,
(3) C ⊂ Sd is a body of constant width pi2 ,
(4) C ⊂ Sd is of constant diameter pi2 .
Proof. The equivalence of (1) and (2) results from (a) of Theorem 3. By Theorem 2 we conclude
that (1) implies (3). The opposite implication is obvious since every body of constant width is
a reduced body. The equivalence of (3) and (4) follows by the fact (being a particular case of
Theorem 5 of [9]) that a convex body W ⊂ Sd is of constant diameter pi2 , if and only if W is of
constant width pi2 .
Remark. In particular, Proposition 2 concerns any reduced polygon V of thickness pi2 . So
Theorem 3.2 of [5] matters for ∆(V ) = pi2 (instead of ∆(V ) <
pi
2 as in [5]). The proof is analogous,
but let us explain why in lines 16–17 of [5] the lune L with centers vi and ti of its bounding
semicircles strictly supports V at vi (we keep here the notation of [5] also for ∆(V ) =
pi
2 ).
Let pi−1 (resp. pi+1) denote the projection of vi+(n−1)/2 (resp. vi+(n+1)/2) on vivi−1 (resp.
on vivi+1). Prolong the arc vi+(n−1)/2pi−1 (resp. vi+(n+1)/2pi+1 ) up to the arc vi+(n−1)/2ri−1
(resp. vi+(n+1)/2ri+1), where ri−1 (resp. ri+1) belongs to the semicircle through vi bound-
ing L. Denote by z the intersection of arcs vi+(n−1)/2ri−1 and viti. We have |vi+(n−1)/2ri−1| =
|vi+(n−1)/2|+|zri−1| > |tiz|+|zvi| =
pi
2 . Analogously, |vi+(n+1)/2ri+1| >
pi
2 . Since |vi+(n−1)/2pi−1| =
pi
2 (resp. |vi+1pi+1| =
pi
2 ), we obtain that vi−1 (resp. vi+1) is in the interior of L. Hence L strictly
supports V at vi. So really the whole Theorem 3.2 of [5] is true also for ∆(V ) =
pi
2 .
Consequently, also Corollaries 3.6, 3.7, 3.8 and 3.10 of [5] hold if ∆(V ) = pi2 .
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By part (b) of Theorem 3, we conclude the following variant of Theorem 2.
Corollary 2. If a reduced convex body R ⊂ Sd fulfills diam(R) ≥ pi2 , then R is a body of constant
width w equal to diam(R). It is also a body of constant diameter w.
4 An application for recognizing if a Wulff shape is self-dual
Wulff [18] defined a geometric model of a crystal equilibrium, later named Wulff shape. The
literature concerning this and related subjects is very comprehensive. For instance, see the
monograph [15] and the articles [1], [3] and [17].
For any continuous function γ : Sd → R+, where R+ denotes the set of positive reals, and
θ ∈ Sd, by Γγ,θ we mean the set of x ∈ E
d+1 such that x · θ ≤ γ(θ). Here the dot means the
scalar product of vectors. The Wulff shape associated with γ is the set Wγ = ∩θ∈SdΓγ,θ. The
subject is so well known that we omit here details.
On the other hand, for every convex body W ⊂ Ed+1 containing the origin of Ed+1 in the
interior, there exists a continuous function γ : Sd → R+ such that W =Wγ (see [16]). Take into
account the unique point (θ,w(θ)) of the intersection of bd(Wγ) with the half-line consisting of
points (θ, r), where r ∈ R+.
For a given Wulff shape Wγ in E
d+1, Han and Nishimura consider the dual Wulff shape
Wγ¯ , where γ¯(θ) = 1/w(−θ). It is denoted by DWγ . Next they consider the self-dual Wulff shape
as a Wulff shape Wγ fulfilling Wγ = DWγ . These notions and their properties and applications
are considered in a number of articles (for instance see [1] and [3]).
Han and Nishimura (we follow their notation from [1] and [3]) apply the classical notion
of the central projection αN from the open hemisphere H(N) centered at a point N ∈ S
d into
the hyperplane P (N) ⊂ Ed+1 supporting Sd at N . This hyperplane may be treated as the Ed
with the origin N . The image of a Wulff shape Wγ on P (N) under the inverse projection α
−1
N
onto H(N) is called the spherical convex body induced by Wγ . Han and Nishimura [1] prove that
a Wulff shape Wγ ⊂ E
d is self-dual if and only if the spherical convex body induced by Wγ is a
spherical body of constant width pi2 . By this result of them, from Proposition 2 we obtain the
following theorem.
Theorem 4. Each of the following conditions is equivalent to the statement that the Wulff shape
Wγ is self-dual:
- the spherical convex body induced by Wγ is of constant width
pi
2 ,
- the spherical convex body induced by Wγ is a reduced body of thickness
pi
2 ,
- the spherical convex body induced by Wγ is a reduced body of diameter
pi
2 ,
- the spherical convex body induced by Wγ is a body of constant diameter
pi
2 .
Let us add that the equivalence to the third condition gives the positive answer to the
question by Han and Nishimura put at the end of [2].
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